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AHarHOCTHKH MHKpOCnopHAHH, 3apaacaiOiqHX n03BOHOHHbIX H 6ecn03B0H0HHbIX 
xo3«eB, Hcnonb3yeTCfl paq MHKpocKonnuecKHx MeToqoB h KpacHTeaeH, BKmouafl (Juiioo- 
poxpoM flAOH, niHpoKO npHMeHfleMbm qua OKpauiHBaHHfl flHK b KJieTKax npoKapnoT h 
oyKapnoT Kate caMocToaTeabHo, Tax h b coueTaHun c qpyrHMH rHCTOJionmecKHMH h (])jik)- 
opecqeHTHbiMH KpacHTeaaMH. Mbi Hcnojib30BajiH .ZJA^H qua OKpauiHBaHna cnop MHKpo- 
cnopnqHH H3 HaceKOMbix h HKCoqoBbix KJieiqeii. TTpHMeHeHHe flAOH noMoraeT OTJiHHHTb 
Afos£mtf-rioqo6Hbie cnopbi MHKpocnopHqHH ot o6beKTOB, BHeuiHe noxoacnx Ha cnopbi, ho 
H e coqepacauqix aqepHoro annapaTa. KpoMe Toro, bo MHornx cayuaax HMeeT MecTO 6ojiee 
cna6oe OKpauiHBaHHe .HA^H qpyrnx komhohchtob cnop MHKpocnopHqHH: 3K30cnopbi, 
qHTonjia3Mbi h nonaponjiacTa. Caa6o OKpameHHbie qHTonjia3Ma h 3K30cnopa no3BOJiaioT 
qn(})(})epeHqHpoBaTb HeoKpauieHHyio 30Hy 3Hqocnopbi, hto TaKace o6nernaeT qnarHocTHKy 
MOHO- H qHnJlOKapHOTHHeCKHX Cnop MHKpOCnopHqHH B 3apaaceHHbIX HJieHHCTOHOrHX. 
OKpauiHBaHHe Bbi6pomeHHOH noaapHOH Tpy6KH no3BOJiaeT Ha6inoqaTb OTqeubHbie (})a3bi 
npoqecca 3KCTpy3HH cnop MHKpocnopHqHH. 

Kiuoneeue cnoea: MHKpocnopHqHH, HaceKOMbie, qHarHOCTHKa, qHaMHqHH(f)eHHJiHH- 
qoa, (fjJiioopecqeHTHafl MHKpocKonna. 


MHKpocnopHqHH — yHHKajibHaa rpynna oqHOKJieTOHHbix MHKpoopra- 
hh3mob, HHTepec k KOTOpbiM KaK k o 6 jiHraTHbiM BHyTpHKJieTOHHbiM napa- 
3HTaM hchbothbix b nocjieqHee BpeMa Bee B03pacTaeT. MHKpocnopHqHH 06 - 
naqaioT caMbiM MajieHbKHM tchomom epeqn ayKapHOT; CTpyKTypHO-ejiyHK- 
u,nOHanbHaa opraHH3au.ua CTaqHH hx BHyTpHKJieTOHHOro pa3BHTHa 
MHHHMH3HpOBaHa B pe3yJIbTaTe B03JTOaceHHa OCHOBHbIX aCH3HCHHbIX OTnpaB- 
jieHHH Ha KJieTKy xo3HHHa. Cnopbi MHKpocnopHqHH o 6 jiaqaiOT yHHKanbHbiM 
annapaTOM 3KCTpy3HH, KOTOpbiii no3BOJiaeT HHbeu,HpoBaTb 3apoqbim Heno- 
cpeqCTBeHHO b u,HTOnjia3My kjictkh, MHHya 3amHTHbie CHCTeMbi opraHH3Ma xo- 
3aHHa. 3to qejiaeT MHKpocnopHqHH yqo 6 HOH h hhtcpcchoh Moqejibio qua H3y- 
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neHHfl (J)yHAaMeHTajibHbix ochob BHyTpHKJieTOHHoro napa3HTH3Ma (Hcch h AP -, 
2005). 

MHKpocnopHAHH 3apa^can)T npeACTaBHTejien Bcex H3BecTHbix KpynHbix 
TaKCOHOB ijapcTBa ^CHBOTHbix, HanGojibinee hhcjio hx bhaob onncaHO H3 nne- 
HHCTOHorax (CoKOJiOBa, Hcch, 2001). MHorae MHKpocnopHAHH bbicoko naTO- 
reHHbi h npeACTaBjnnoT Gojibinofi npaKTHnecKHH HHTepec c tohkh 3peHH5i 3 a- 
iAHTbi pacTeHHH, BeTepHHapHH h MeAHAHHbi (Hcch, 1980, 1986; Henry, Oma, 
1981; fpo6oB h AP-, 1983; Didier, Bessinger, 1999). B cba3h c othm 3 <|)(|)eKTHB- 
Haa AnarHOCTHKa MHKpocnopHAHH Heo6xoAHMa Ka k a™ mcahahhckoh, TaK h 
cenbCK0X035iHCTBeHH0H npaKTHKH (Ribeiro, Guimaraes, 1998; Koudela etal., 
2001; Franzen etal., 2006). Pa3pa6oTKe h ycoBepmeHCTBOBaHHK) pyTHHHbix 
MeTOAOB AMarHOCTHKH MHKpocnopHAHH, HMefOIAHX MeAHAHHCKOe 3HaneHHe, 
yAeJiaeTCM Gonbinoe BHHMaHHe, 0 neM CBHAeTejibCTByioT He TOJibKO mhotohhc- 
neHHbie ny6jiHKai;HH (Ryan etal., 1993; Didier etal., 1995; Ignatius etal., 
1997; Sironi et al., 1997; Ferreira et al., 2001), ho h HHTepHeT-pecypcbi, b ko- 
TOpbix npHBOAflTCJi h o6cy)KAaK)TCJi cooTBeTCTByK)in,He MaTepnajibi (cm., Ha- 
npHMep, www.dpd.cdc.gov). OAnaKO Jinnib Hedojibinoe hhcjio pa6oT nocBflrqe- 
ho ycoBepmeHCTBOBaHHK) MeTOAHnecKOH 6a3bi a™ BbniBJieHHJi MHKpocnopH¬ 
AHH b npnpoAHbix nonyjnnjHflx BpeAHbix HJieHHCTOHorHx (Malone, Mclvor, 
1996; Sokolova et al., 2004). Bo BcepoccHHCKOM HHH 3amHTbi pacTeHHH Be- 
AeTCfl aHajiH3 3apa)KeHHOCTH npnpoAHbix nonyjnnjHH h jia6opaTopHbix Kyjib- 
Typ HaceKOMbix MHKp 0 cnopH ahhmh (BopoHqoBa h AP*, 2004; ToKapeB, Mo- 
bhji3, 2004; ToKapeB h AP-, 2004; CoKOJiOBa h AP-, 2005; Tokarev et al., 2007a; 
OpojiOB h AP-, 2008). B HacTomneH pa6oTe onncaHM oco6eHHOCTH OKpaniHBa- 
HHfl cnop MHKpocnopHAHH (|)JnOOpOXpOMOM AOH. 


MATEPHAJI H METOflHKA 

C6op Mamepuana dm auajiu 30 &. B pa 6 oTe Hcnojib 30 BaHbi HaceKOMbie H 3 Jia- 
6 opaTopHbix KyjibTyp HHceKTapmi jiaGopaTopHH MHKpoGnoMeTOAa BH3P h 
HJ ieHHCTOHOTHe, coSpaHHbie b npnpoAHbix ycnoBHflx. CBepmcoB Gryllus bima- 
culatus Deg. (Orthoptera: Gryllidae), capaHny Locusta migratoria L. (Orthopte- 
ra: Acrididae) h MynHbix xpynjaKOB Tribolium castaneum L. (Coleoptera: Te- 
nebrionidae) pa 3 BOAHJiH b na 6 opaTopHbix ycnoBrax h HHcjmriHpOBajiH cnopaMH 
MHKpocnopHAHH Paranosema {—Nosema) grylli, Paranosema locustae h Para - 
nosema whitei c0 otbctctbchho no CTaHAapTHbiM MeTOAHKaM (Sokolova et al., 
2005; Tokarev et al., 2007b). 

HMaro SyKapKH Neocoenorrhinus pauxillus Gemiar h KpacHOKpbinoro iuio- 
AOBoro CJiOHHKa Neocoenorrhinus aequatus Voss (Coleoptera: Rhynchitidae) 
co6HpajiH MeTOA^MH Kornemm h OTpaxHBaHHJi »cyKOB c A^peBbeB Ha TeppHTO- 
pHH Pecny6jiHKH MojiAOBa b 2003—2005 rr. h xpaHHJiH b 70°-hom 3TaH0Jie 
(Honpac, 2006). 

Ba6oneK nyroBoro MOTbiJibKa Pyrausta sticticalis L., ryceHHi; KyKypy3Horo 
MOTbiJibKa Ostrinia nubilalis L. (Lepidoptera: Pyralidae) h xjiomcoBoii cobkh 
Helicoverpa armigera Hbn (Lepidoptera: Noctuidae) co6npajiH Ha TeppHTopHH 
KpacHOAapcKoro Kpaa b 2005 h 2006 rr., coAep^cajiH b na6opaTopHbix ycnoBH- 
hx hjih cpa3y yMeprqBJi^jiH, Tpynbi xpaHHJiH b 3acymeHHOM bhac (®ec[)eJiOBa, 
OponoB, 2006; OponoB h AP-, 2008). 
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JIhhhhkh K0Mapa-3B0Hija Chironomusphimosus L. (Diptera: Chironomidae) 
c CHMirroMaMH MHKpocnopHAH03a, co6paHHbie b 03epax JleHHHrpa^cKOH o6ji. 
oceHtK) 2008 r. h 3a(|)HKCHpoBaHHbie 96 °-hi>im OTaHOJiOM, 6 i>ijih jiK)6e3HO npe- 
AOCTaBJieHbi B. H. Bopohhhbim (rocyAapcTBeHHbiii HHH 03epHoro h penHoro 
xo3BHCTBa, CaHKT-rieTep6ypr). 

HMaro eBponeiiCKoro KJiema Ixodes ricinus L., coSpaHHbie b Oprees- 
CKOMp-He PecnyOjiHKH MojiAOBa, h Tae^CHoro KJiema Ixodes persulcatns 
Schultze (Parasisitiformes: Ixodidae), coOpaHHbie b OKpecTHOCTax CaHKT-rie- 
TepOypra, Obijih jiK)6e3HO npeAOCTaBJieHbi A. A. Mobhjio (HHCTHTyT 300JiorHH 
AH Mojiaobbi, KmiiHroy) h E. B. J\y6ummoii (HHCTHTyT 300JiorHH PAH, 
CaHKT-neTep6ypr) cooTBeTCTBeHHO b 2004 r. 

IIodzomoeKa Mamepuana djm (pmoopecijewnHou MunpocKonuu. JJjin (Jijiioo- 
pecu,eHTHOH MHKpocKonnH 6mjih Hcnonb30BaHbi MaTepHanbi, noAroTOBJieHHbie 
k aHajiH3y pa3HbiMH cnocoOaMH. 

1. 06pa3u,bi cnop MHKpocnopHAHH, BbiAejieHHbix H3 OKcnepHMeHTanbHO 3a- 
pa^ceHHbix HaceKOMbix, HaHOCHJiH Ha npeAMeTHoe ctckjio, (})HKCHpoBajiH MeTa- 
HOJIOM H BblCyiHHBaJIH. B pflA^ CJiyHaeB a™ CTHMyJIfllJHH BblSpOCa nOJIHpHbIX 
Tpy6oK o6pa3u,bi cnop npeABapirrejibHO oGpaGaTbraajiH pacTBopoM, coAep^ca- 
ih,hm 0.01 N KOH h 0.17 M KC1, b TeneHHe 40 mhh h HeiiTpajiH30BajiH pacTBO- 
poM, coAep^cam,HM 25 mM Tpnc, 047 M KC1, 10 mM 3J\TA Na 2 , 30 mM rnio- 
K03bi, pH 8.0, b TeneHne 30 mhh (Vavra, Maddox, 1976). 

2. 06pa3u,bi HJieHHCTOHorHx, co6paHHbix b npnpoAe, H3MejibnajiH b 50 mkji 
AHCTHJIJIH pOBaHHOH BOAtl B JiyHKaX HMMyHOJIOrHHeCKOTO nJiaHUICTa nHHU,eTOM 
hjih CTeKJiflHHOH nanoHKOH, nocne nero HaHOCHJiH Kanjuo roMoreHaTa Ha npeA- 
Meraoe CTeKJio. HpenapaTbi noKpbiBajiH noKpOBHbiM ctckjiom h npocMaTpHBa- 
jih b CBeTOBOH MHKpocKon MEH-3 (JIOMO) c oGBeiCTHBaMH X40 h X90. Hpn 
oOHapy^ceHHH b none 3peHH$i oGbcktob, HMeiomHx pa3Mepbi h onepTaHHH cnop 

MHKpOCnOpHAHH, MB3KH (J)HKCHpOBaJIH MeTaHOJIOM H BblCyiHHBaJIH B BbTTJDK- 

hom uneasy. 

3. B pflAe CJiynaeB npn pa6oTe b nojieBbix ycjiOBHax, KorAa He 6biJio bo3- 
MO)KHOCTH 3a(J)HKCHpOBaTb MB3KH MeTaHOJIOM, npOBOAHJIH (jlHKCail.HK) 3TaH0- 
JIOM HJIH BblCyiHHBaJIH He (|)HKCHpOBaHHbie Ma3KH H Hepe3 2 Mec. npOBOAHJIH 
4}HKCau,HK) B JiaSopaTOpHH. 

4. HacTb Ma3KOB, npHroTOBJieHHbix H3 6a6oneK jiyroBoro MOTbiJibKa, ncno- 
JIb30BaJIH AJ1B OKpaiHHBaHHfl BHpyCHbIX BKJHOHeHHH. C 3TOH IjeJIbK) MB3KH, 
(|)HKCHpOBaHHbie CMecbio 3THJiOBoro cnnpTa (70 %) h (^opMajibAerHAa (4 %) b 
T eneHHe 10 mhh, Sbijih npoTpaBJieHbi 1%-hbim pacTBopoM NaOH b TeneHHe 
1 mhh. UJ,ejiOHb CMbiBanH boaoh, npenapaT OKpamHBajiH 5%-hbim boahbim pac- 
TBOpOM 303HHa B TeueHHe 5 MHH H CMbIBaJIH OCTaTKH KpaCHTeJia npOTOHHOH 
BOAOH (MHTpO(})aHOB H AP-, 1985). 

5. OHKcnpoBaHHbie MeTaHOJIOM Ma3KH, npnroTOBJieHHbie H3 ryceHHii, xnon- 
KOBOH COBKH H JIHHHHOK 3BOHU.OB, 6bIJIH npeABapHTCJIbHO OKpaHieHbl 

a3yp-303HH0M no PoMaHOBCKOMy-rHM3a (Bopohhh, Hcch, 1974). 3th npena- 
paTbl TaKace 6bIJIH HCnOJIb30BaHbI a™ (JlJIIOOpeCIjeHTHOH MHKpOCKOnHH. 

Omoopea^ewnHaH Munpocxonun . B KanecTBe (^JiioopoxpoMa Hcnojib30BajiH 
1 hjih 5 mkM pacTBop 4,6-AHaMHAHH-2-(^eHHJiHHAOJia (/JAOH, Molecular Pro¬ 
bes, Eugene, USA) Ha 3a6ycf)epeHHOM (J)oc(j)aTaMH (})H3pacTBope (30P, pH 7.2). 
Kanjuo KpacHTejia HaHOCHJiH Ha (})HKCHpoBaHHbie Ma3KH pa3Hbix cpoKOB npnro- 
TOBJieHHH Ha 5-10 MHH. HoCJie 3TOTO Ma3KH JIh6o TpH^CABI npOMbIBaJIH AHC- 
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THJIJBITOM H BblCyLQHBaJIH, JIH 60 cpa3y HaKpbIBaJIH nOKpOBHBIM CTeKJIOM. OKpa- 
meHHbie npenapaTbi npocMaTpnBajin noA MHKpocKonoM Axioskop-2 (Carl Ze¬ 
iss) c o 6 i>eKTHBaMn X40 n XlOO n onncfmioopecijeHTHOH npncTaBKon c 
npHMeHeHHeM (})HJibTpa mnpoKoro Anana30Ha, no3BOjmomero BH3yajin30BaTb 
^HK-coAep^camnn MaTepnan, oKpamemibiH /JAOH. TaK5«e npocMaTpnBajin 
(J)nKcnpOBaHHbie, ho HeoKpameHHbie npenapaTbi a™ BbiflBJieHHfl bo3mo)khoh 
aBTO(})JiK)opeci;eHi;HH H3ynaeMbix oGbcktob. 


PE3YJIBTATM H OECY2KflEHHE 

OKpaiuusamie ndepH020 annapama. ^Apa b KJieTKax oyKapnoT xoporno 
OKpamnBaiOTCfl (JmiopoxpoMOM J\AOli b KOHijeHTpaijHJix, MeHbinnx 1 mkM, 
hto OTpa^ceHO b nponucflx rjik OKpaniHBaHHfl KJieTOK ^khbothbix h pacTeHnn 
(cm., HanpnMep, www.sigmaaldrich.com). OAHaico npn OKpaniHBaHnn (Jihkch- 
poBaHHbix MeTaHOJiOM cnop P. grylli 1 mkM pacTBopoM /JAOH KpacnTenb He 
npoHHKaji BHyTpb cnopbi n OKpaniHBaji tojibko oGojionKy (pnc. 1, a). OKparnn- 
BaHne ^AepHoro annapaTa b cnopax MHKpocnopnAnn Ha6jnoAajiocb npn noBbi- 
meHHH Kom;eHTpaAHH KpacnTenb ao 5 mkM (pnc. 1, 6 —d), npn otom Ha6jno- 
Aanocb Hecnei;H(|)HnecKoe CBfl3biBaHne KpacnTeiw c ApyrnMH KOMnoHeHTaMn 
KJieTKH (cm. Aanee). IIocKOJibKy Nosema-noj\o 6 ubiQ cnopbi, oGjiaAaiomne toji- 
ctoh o6ojiohkoh, xapaKTepHbi j\j\n mhothx MUKpocnopnAnn, napa3nrnpyiomnx 
b Ha3eMHbix njieHncTOHornx, jxjik AaubHenmero aHajin3a HaceKOMbix Ha 3apa- 
^ceHHOCTb MHKpocnopnAH^Mn ncnojib30Bann pacTBop A<PH b kohijchtp aijnn 
5 mkM. JJjin OKpaninBaHn^i ^Aep b 4)HKcnpoBaHHbix KJieTKax rpn6oB, Tax^ce 06- 
jiaAaiomnx tojictbimh xhthhobbimh oGononKaMn, KpacnTenb ncnojib- 

3yiOT b eme 6ojibinnx KOHAeHTpau,nflx, HanpnMep, 67 mkM (Cano et al., 1998). 

ripaKTnnecKn bo Bcex cjiynajix HaM yAasanocb nojiynnTb xopomyio Kapm- 
Hy OKpaninBaHim cnop npn (f)HKcaijHH Ma3K0B aGcomoTHbiM MeTaHOJiOM, 
96%-hbim OTaHOJiOM nun CMecbio OTaHOJia n (fiopMajinHa. OAnaxo, ecjin Me>KAy 
BbicymnBaHneM Ma3Ka n ero (^HKcaijneH cnnpTOM 6biJi 3HannTejibHbin npoMe- 
)KyTOK BpeMeHn, to Ha6jnoAajiocb cjiaGoe CBeneHne cnop MHKpocnopnAnn Ha 
ypoBHe (f)OHa 6e3 hctkoh (JmioopecijeHAHH jmepHoro annapaTa, hto CBHACTejib- 
CTByeT 0 HeoGxoAHMOCTH HeMeAJieHHon (fjnKcaijHH npenapaTOB b cbh3h c Hapy- 
meHneM acjiocthocth CTpyKTypbi HK npn xpaHeHnn b HecjimccnpoBaHHOM 
BHAe. no JiHTepaTypHbiM AaHHbiM, (f)HKcaijHfl n OKpaninBaHne a3yp-303HH0M 
npenapaTOB n3 3apa^ceHHbix HaceKOMbix no3BOjmeT Ha MHorne rojibi coxpa- 
hhtb CTpyKTypy ffHK b cnopax MHKpocnopnAnn a™ MOJieKyji^pHO-Gnonorn- 
necKoro aHajin3a b OTJinnne ot HecfmKcnpoBaHHbix mb3kob (Hylis et al., 2005). 

OTMbIBKa H3JIHIHKOB (|)JIK)OpOXpOMa BOAOH HHKBK He BJIHflJia Ha KaneCTBO 
OKpaninBaHHH. OneBHAHO othm 3TanoM BnojiHe mo^kho npeHeSpenb. KpoMe 
Toro, CBeneHne J\AQVl b cnopax MHKpocnopnAnn 6biJio AOCTaTOHHo CTa6nnb- 
ho a™ Toro, hto6bi, c(|)OKycnpoBaBnincb Ha oGbcktc, mo^cho 6biJio ero pac- 
CMOTpeTb n c^OTorpa^npoBaTb. CoceAnne oG^eRTbi BHe no.™ 3peHnn npn 
3 tom He BbmBeTajm. B cba3h c 3 thm Ao6aBJieHne ^eHnjieHAnaMHHa (npnMemi- 
eMoro a™ npeAOxpaHeHH^ npenapaTOB ot npe^CACBpeMeHHoro BbiABeTaHna) 
TO^ce He o6n3aTejibHO. Bee oto no3BOJinjio 3HannTejibHO ynpocTHTb MeTOAHKy 
BbMBJieHHH MHKpocnopnAnn mctoaom (fmioopecijeHTOH mhkpockoiihh, nc- 
nojib30BaHHyio HaMn paHee (ToKapeB, Mobhjio, 2004; ToKapeB n AP-, 2004). 
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Phc. 1. OKpamHBaHHe /jAcPH cnop MHKpocnopojtHH Paranosema giylli (a — z) h P. locustae (d) b 
KOH qeHTpaqHH 1 mkM {a) h 5 mkM (6— d). 

a,6,d — CBOKeBH^eneHHbie cnopw; & — cnopw cpoKOM xpaHemra donbine r<w; z — c bokcb ti/jeneH h tie cno- 
pti, npoTpaBJieHHbie meiiOHbK). OrpenKa — nojiaponnacT, ^BOHHaa CTpenxa — Bbi6poineHHas nojispHaa xpy6- 
Ka. <DjiioopecneHnHfl MacurradHaji JiHHefiKa — 10 mkm. 

Fig. 1. DAPI staining of spores of the microsporidia Paranosema giylli (a — z) and P. locustae (d) in 
the concentration of 1 mkM (a) and 5 mkM (6— d). 
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Phc. 2. CTpyinypBi Ha Ma3Kax H3 pa3JiHqHBix HJieHHCTOHorux, no (})opMe n pa3MepaM HanoMHHaio- 

mne cnopBi MHKpocnopn^HH. 

a — Ha Ma3Kax H3 JiyroBoro MOTtmbKa, CBemoe none; 6 — Ha Ma3Kax H3 hkcoaobmx KJiemen; BepxHHH pa/* — 
(JmioopecijeHijHfl /fAXDH, hhhchhh pa# — CBeTnoe none. MaciuTaGHan nHHeHKa — 10 mkm. 

Fig. 2. Structures in smears of various arthropod hosts, resembling microsporidian spores. 


HajiHHMe ^HHJioKapnoHa no3BOJiaeT otjihhhtb cnopbi ^mnioKapHOTHHecKHx 
(j)OpM MHKpOCIIOpHflHH OT o6beKTOB, HaCTO 3aC0paK>mHX Ma3KH, npHTOTOBJieH- 
Hbie H3 HJieHHCTOHOrHX, 0 C 06 eHH 0 COGpaHHbIX B npHpO^HblX yCJlOBHflX. 3th 
o6beKTbi MoryT hmctb Taicne ace pa3Mepbi h (JiopMy, KaK h Nosema-noRoQubie 
cnopbi MHKpocnopH^HH, h b cbctjiom none MHKpocKona noA Macjnmon HMMep- 
CHeil HeOTJlHHHMbl OT CIIOp MHKpOCIIOpH^HH GjiaTO^apa HaJIHHHK) M0p(j)0JI0rH- 
necKH H^eHTHHHOH o6ojiohkh. Mbi Ha6jno,o,ajiH ABa THna TaKHx CTpyKTyp. 
CrpyKTypbi nepBoro rana, oneHb nacTO HaGniOAaeMbie Ha Ma3Kax H3 HMaro Jiy- 
roBoro MOTbuibKa (pnc. 2, a ), xapaiereproyiOTca pa3HOo6pa3HbiMH pa3MepaMH 
h (jiopMOH. KpynHbie h yrnoBaTbie BapnaHTbi othx CTpyKTyp He HMeiOT cxoact- 
Ba co cnopaMH MHKpocnopH^HH, o^HaKO 6onee MeJiKHe (JiopMbi co cniaaceHHbi- 
mh KpaaMH Bbirjia^aT KaK cnopbi h MoryT MacKHpOBaTb hx npHcyTCTBHe (cp.: 
pnc. 2, a h pHC. 3, e, d). CTpyKTypbi BToporo THna MeHee pa3HOo6pa3Hbi no 
pa3Mepy h hmciot OBanbHyio (fiopMy, Taicace oneHb cxoacyio co cnopaMH mhk- 
pOCnOpH^HH, O^HaKO B OTJIHHHe OT nOCJieAHHX npH OKpaniHBaHHH /JAOH 
a^epHbin annapaT b hhx pacnonoaceH anHKanbHO (cp.: pnc. 2, 6 h pnc. 3, s, d). 

npHMeHeHHe AOH no3BOJiHJio nonynHTb neriCHe pe3yjibTaTbi no ^H(|)(^epeH- 
n.Hai^HH MOHOKapnoTHHecKoro imepHoro aimapaTa b cnopax Mmcpocnopn^HH 
OTyx bh^ob, 3apaacaioniHx jihhhhok KOMapoB-3BomjoB (pnc. 5). ripn otom npn nc- 
noJib30BaHHH OKpainHBaHna a3yp-303HH0M He y^anocb BbiaBHTb a^epman an- 
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Phc. 3. CBeTOBaa MHKpocKonaa cnop MHKpocnopH^HH H3 HeniyeKpBintix HaceKOME>ix-xo3fleB; Jiyro- 
Boro MOTbiJiBKa {a — 2 ), KyKypy3Horo MOTBiJiBKa (d) h xnonKOBofi cobkh (e). 

a , 6, s, d — BepxHHH p5m, oKpauiHBaHHe Jl AOH; hh^chhh p sir, CBeTJioe noae; z — (JmioopecneHnHfl ^AOH 
cnop, npoTpaBJieHHbix mejioHbio. 3Be3floHKa — HeoKpameHHa# 30Ha 3Hflocnopbi Me^c^y UHTonna3MOH h 3K3o- 
cnopOH. OcTantHbie o6o3HaneHHJi Te ace, hto h Ha pHC. 1. MacnrradHaji nHHefiKa — 10 mkm. 

Fig. 3. Light microscopy of microsporidian spores from lepidopteran insect hosts: beet webworm 
(a — 2 ), European corn borer (d) and cotton bollworm (e)> 
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Phc. 3 (npodojijfceuue ). 


napaT H3-3a paBHOMepHoro oKpaiiiHBaHHfl coAepncHMoro 3THX cnop, hto CBHAe- 
TeJibCTByeT o 3HanHTeJibHOM npeHMymecTBe HcnoJib30BaHHoro (JmioopoxpoMa 
nepeA a3yp-303HH0M a™ CBeToonTHnecKoii AHarHOCTHKH MHKpocnopnAHH. 

HHorAa Ha (JmioopecijeHTHbix CHHMKax ha pa AHnjioKapnoHa b cnopax mhk- 
pocnopHAHH ne^caT cjihhikom 6jih3Ko h CJiHBaiOTCH b oaho OKpameHHoe n«THo, 
hto He no3BOJifleT neTKo AH$4)epeHiiHpoBaTb Nosema-noRoftmae cnopbi no Ha- 
jihhhk) AKnjioKapnoHa (pnc. 1, 4, 2 ). B 3thx cjiynanx npn MaccoBOM 3apance- 
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Phc. 4. CfieTOBaji MHEcpocKonna cnop MHKpocnopH/jHH H3 xcecTKOKpHJitix HaceKOMHX-X03JieB; Ma- 
noro MyqHoro xpynjaica (a, 6) h KpacHorpyqoro nno^oBoro cnoHHKa (& — e), 

&—e — BcpxHHH pan, ^Jiyopeci;eHU,Hfl hhxchhh pa/j, CBerjioe none; z — (j)JnoopecneHi;Ha /I,AOH. 

OcTantHBie o6o3HaneHHfl Te ace, hto h Ha pnc. 1 h 3. Macnrra6Haa JiHueiiica -— 10 mkm. 

Fig. 4. Light microscopy of microsporidian spores from coleopteran insect hosts. 

hhh HajiHHHe Apyrax cnop c 6onee othctumbo OKpameHHbiM a^epHMM annapa- 
tom no3BOJifleT 6e3 Tpy^a npoBec™ AnarHOCTHKy. IIpH HajiHHHH Ha Ma3Ke eAH- 
HHHHbix cnop c HeAOCTaTOHHO neTKO OKpameHHbiM AunnoKapnoHOM, a TaK^ce 
npn pa6oTe c MHKpocnopHAmiMH, HMeiomHMH MOHOKapnoTHnecKne cnopbi 
(xoTopbie MoryT BbirjniAeTb xax KJieTKH Apyrux opraHH3MOB) cneAyeT opneH- 
TnpoBaTbCfl Ha HeKOTopbie Apyrne npn3HaKn, onncaHHbie HH^ce. 

OKpamueanue dpyzux wiemonubix cmpyKmyp. Xota /JAOM mnpoKO H3Be- 
CTeH Kax flA^pHbiii KpacnTenb, oh TaioKe Hcnojib3yeTC5i a*™ MeneHHfl MeM6paH- 
hmx CTpyKTyp (Favilla etal., 1993) h 6enKOBbix KOMnnexcoB (Mazzini etal., 
1994). B Hamnx nccjieAOBaHnax OTMeneHO CBA3biBaHne J \AOH c n,HTonjia3MOH 
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Pnc. 5. CBeTOBaa MHKpocKonna cnop MHKpocnopHjjHH Anisofilariata chironomi {a) h Helmichia la- 

custris (6) H3 jihhhhok KOMapa-3BOHita. 

BepxHHH p nj\ — OKpamuBaHne J\ A<I>H; hhhchhh pan — CBeTJioe none. CipejiKa — BtiSpoineHHan nonnpHaa 
Tpy6Ka. OcTajiBHtie o6o3HaHeHna Te ace, hto h Ha pHC. 3. MacnrraSHaa JiHHeHKa — 10 mkm. 

Fig. 5. Light microscopy of] spores from microsporidia Anisofilariata chironomi (a) and Helmichia 

lacustris (6) from midge larvae. 


3 apO£t>mia cnopbi h 3K30cnopoii — BHeuiHHM cnoeM o6ojiohkh cnop MHKpo- 
cnopHAnn, Bbi3biBaiomee (|)JiK)Opecu;eHu;HK) othx CTpyKTyp. HHTeHCHBHOCTb 
CBeneHna ijHTomia3Mbi n 3K30cnopbi 6biJia ropa3^o CJia6ee b cpaBHeHnn c Ta- 
koboh AHnjiOKapnoHa n b SonbinnHCTBe cnynaeB oto He Memajio BH3yajiH3aijHH 
TOepHoro annapaTa b cnopax. Eonee Toro, nocKOJibicy 3H^ocnopa He OKpauiH- 
Banacb ^aHHbiM (JunoopoxpOMOM, bo MHorux CJiynaax y^aBanocb HaOmo^aTb 
^H(J)(J)epeHii;HanbHyK) KapTHHy OKpaiiiHBaHHfl oGojiohkh cnop c tcmhoh nono- 
CKOH 3H^OCnOpbI Me^C^y OKpameHHbIMH CJIOeM 3K30Cn0pbI H 30H0H Ii;HTOnJia3- 
Mbi. TaKaa KapTHHa 6biJia xapaierepHa rjik cnop MHKpocnopn^nn, 3apaKaiomHx 
jiyroBoro (pnc. 3, e) n KyKypy3Horo MOTbiJibKa (pnc. 3, d), MynHoro xpymaica 
(pnc. 4, a ), KpacHOKpbuioro nno^OBoro CJiOHHKa (pnc. 4, e), KOMapOB-3BOHU|OB 
(pnc. 5), HKCO^OBbix KJiemeH (pnc. 6). Hmchho TaKon xapaKTep OKpaniHBaHHfl 
no3BOJinji HaM neTKO ^HarHOCTHpOBaTb MHKpocnopH^nn b cjiynaax, Kor^a 3a- 
paKeHHOCTb HJieHHCTOHornx 6biJia Ha hh3kom ypOBHe, n Ha Ma3Kax BCTpena- 
jincb TOJibKO OAHHOHHbie cnopbi (Tokarev et al., 2007a). 

y nemyeKpbuibix #Byx bh^ob — JiyroBoro MOTbiJibKa h xjiomcoBon cobkh, 
mm HaOmoAaJin 3apa^ceHne MmcpocnopH^miMH, HMetonjHMH MOHOKapnoTune- 
CKHe Thelohania-noAoQKbie cnopbi. 3th cnopbi hmcjih 6ojiee MejncHe pa3Mepbi, 
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Phc. 6. CBeTOBaa MHKpocKomm cnop MHKpocnopn,qHH H3 hkco/jobbix KJiemeii. 

BepxHHH pa a — oKpaniHBaHHe A^OH; hhhchhh pa^ — CBeTJioe none. OcTanbHtie o6o3HaneHHa Te »ce, hto h 

Ha puc. 3. MacniTa6Haa JiKHeinca — 10 mkm. 

Fig. 6. Light microscopy of microsporidian spores from ixodid ticks. 

neM hosema-noRoftnbie cnopbi; o Kp aniHB aram a^epHoro annapaTa c noMombio 
KpacHTejieit PoMaHOBCKoro-rHM3a h AOH b othx cnopax HaGjnoAaTb He y^a- 
jiocb, AOH CB5i3biBajiC5i TOJibKO c oGojiohkoh cnop (puc. 3, 6, e). Tojibko no 
HanHHHK) Gojibinoro KOJinnecTBa cnop OAHHaKOBoro pa3Mepa n npaBHJibHOH 
4>opMbi, onepTaHra Korapbix 6buin neTKO o6o3HaneHbi (jmoopoxpoMOM, mo)K- 
ho 6buio AnaraocTnpoBaTb MHKpocnopHAH03. 

Eme OAna CTpyKTypa b cnopax MHKpocnopHAHH HHorAa CBH3biBaeTCn c 
/JAOH n 3aMeraa Ha (|>OHe cjia6o OKpamemiOH n;HTonjia3Mbi (pnc. 1, d\ 5, 6). 
Ee pa3Mepbi, (})opMa n pacnoji05KeHne Ha nepeAHeM nomoce cnopbi no3BOJMioT 

3aKJHO l IHTb, HTO 3T0-nOJHipOnJiaCT, CJIO)KHbIH MeMGpaHHblH KOMnJieKC, naCTb 

annapaTa 3KCTpy3HH, o6pa3yiomHHCii H3 KOMnneKca TojibA^KH b xoac cnopore- 
He3a MHKpocnopHAHH. HaKonneHHe J \AOH b MeMGpaHHbix CTpyKTypax npoH3- 
boahmx KOMnneKca TojibA^H 6buio noKa3aHO paHee a™ Apyrnx aMHToxoHA- 
pHaubHbix npoTHCTOB — )KryTHKOHOCAeB KJiacca Parabasalia (Dolan, 2000). 

OKpaiuueauue cnop Munpocnopuduu, ehiOpocusiuux nojwpnbie mpySKu. 
mejiOHHan o6pa6oTKa cnop nBJiueTcu CTHMyjiOM a™ 3KCTpy3HH y MHKpocno¬ 
pHAHH mhothx bhaob, napa3HTHpyiomHX npeHMymecTBeHHO y Ha3eMHbix Ha- 
ceKOMbix, b ocoGeHHOCTH y nemyeKpbuibix (Vavra, Maddox, 1976). llocne me- 
jiohhoh o6pa6oTKH npoHexoAHT BbiGpacbiBaHHe nojinpHbix Tpy6oK cnopaMH 
P. grylli h P. whitei, ho He P. locustae. Ilpn OKpaniHBaHHH AOH BbicTpeJiHB- 
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flojia cnop Paranosema grylli c o6ojiohkoh, hhtchchbho OKpameHHOH ^AOH (^AOH+) 

B 33BHCHMOCTH OT CpOKa XpaHeHHB 


Fraction of Paranosema grylli spores with the spore wall stained intensively 
with DAPI (DAPI+), in dependence of the storage period 


CpOK 

xpaHeHHa 

Cnoco6bi 

o6pa6oTKH 

Bcero cnop, 

N 

KoJIHHeCTBO 
AAOII+cnop, n 

flojia flAd)H+ cnop, 
nN, % ± m%* 

1 h ea. 

Be3 odpadoTKH 

446 

400 

89.7 ± 1.44 

1 Mec. 

» » 

509 

351 

62.9 ± 1.13 

1 Mec. 

06pa6oTKa mejioHbio** 

471 

30 

6.4 ± 1.21 

18 Mec. 

Be3 odpadoTKH 

527 

41 

7.8 ± 1.17 


IlpHMeHaHHe. * m% — oinn6Ka nponeHTa; ** — cm.: MaTepnan n MeTojjHKa. 


ihhx cnop MHKpocnopn^HH H3 npjiMOKpbiJibix (pnc. 1, ^) n ^cecTKOKpbiJibix Ha- 
ceKOMbix (pnc. 4, 6) Ha (|)HiccupOBaHHbix Ma3Kax Hap^y c MapKHpOBaHHeM 
jmepHoro annapaTa h ijHTonjia3Mbi mo3kho Gbijio HaGmo/taTb (JmioopeciteHitHio 
BbiSpomeHHOH nojiapHOH Tpy6KH (pnc. 1, 4, 6). BbiGpomemian noJwpHaji 

TpySKa OKpaniHBajiacb TaK^ce Ha npoTpaBJieHHbix menonbio npenapaTax cnop 
MHKpocnopn^HH Nosema sticticalis H3 JiyroBoro MOTbiJibKa (pnc. 3, ^). B no- 
CJieAHeM cirynae, nocKOJibKy cnopbi Gbijih o6pa6oTaHbi mejionbio nocjie (|)HKca- 
u,hh, mo^cho npe£noJio)KHTb, hto 3KCTpy3Hu npoH3onnia b pe3yjibTaTe noACbi- 
xamra npenapaTa, hto TO^ce mo^kct cJiy^HTb CTHMynoM Rim aKTHBau,HH cnop. 
O^naKO, nocKOJibKy Ha Ma3Kax, npHroTOBJieHHbix TaKHM )*ce o6pa30M, ho 6e3 
menoHHOH o6pa6oTKH, noJiapHbix Tpy6oK He HaGjuo^ajiocb, He HCKJnoneHO, 
HTO npH CnHpTO-^)OpMaJIHHOBOH (JjHKCaiJHH )KH3HeCn0C06H0CTb HaCTH cnop 
Morna coxpaHHTbca. 

Ha pa^e npenapaTOB cnop MmcpocnopnAnn H3 pa3JiHHHbix HaceKOMbix npn 
OKpaniHBaHnn Jl AOH HaGjnoAajincb HanajibHbie 3Tanbi 3KCTpy3nn. HacTb 
OKpameHHoro MaTepnana — coAepacnMoe cnopbi hjih ocHOBaHne nojuipHon 
TpySicn — 6biJia pacnoJioaceHa 3a npeflenaMH oahoto H3 nomocoB cnopbi 
(pnc. 3, d\ 4, e). Cnoco6HOCTb k 3KCTpy3nn CBH^eTeJibCTByeT 06 HHcjieKijHOH- 
hocth cnop MHKpocnopn^HH; B03M0^cH0CTb oijeHHBaTb 3 tot noKa3aTejib c no- 
Monjbio flAOH ^aeT AonoJiHHTeJibHoe npenMymecTBO ^aHHOMy MeTo^y Ana- 

THOCTHKH MHKpOCnOpH^HH. 

BmiHiiue cpoKos xpaneinm na xapaKmep OKpauiusciHUR cnop. P. grylli. npn 
OKpaniHBaHHH Jl A<DH cnop Mmcpocnopn^nn P. grylli pa3Hbix cpoKOB xpaHe- 
hhh Ha6jiK>AaJincb 3HannTeJibHbie pa3Jinnna b xapaicrepe OKpamnBaH hh. B CBe- 
)khx o6pa3itax, xpaHHBmnxca He 6oJiee 1 He/teim, npeoGjia^ajin cnopbi c hh- 
TeHCHBHo OKpameHHOH oGojiohkoh (pnc* 1, 6). J\onn cnop c HHTeHCHBHo OKpa- 
meHHon o6ojiohkoh cocTaBHJia 90.53 % (o6mee KOJinnecTBO cnop N = 446). 
B cnopax, xpaHHBmnxoi b TeneHne ro,zja, HHTeHCHBHOCTb CBH3biBaHmi ^AOH 
c o6ojiohkoh pe3KO CHn^ceHa (pnc. 1, e), rojir cnop c hhtchchbho OKpameHHOH 
o6ojiohkoh cocTaBHJia Jinmb 9.47 % (N = 527), hto 3HanHTejibHO Hnace no 
cpaBHeHHio co CBe^CHMn cnopaMH. AHajiornnHbie pe3yjibTaTbi 6buin nojiyneHbi 
npn OKpamnBaHHH Jl AOH cnop P. grylli (cpoK xpaHeHiw 1 Mec.) b BapnaHTax 
c o6pa6oTKon n 6e3 o6pa6oTKn meJiOHbio: b nocne^HeM cjiynae aojih cnop c 
HHTeHCHBHo OKpameHHOH o6ojiohkoh CHH3HJiacb b 10 pa3 no CpaBHeHHK) C HH- 
TaKTHbiMH cnopaMH (cm. Ta6jimty). 
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PaHee HaMH 6 biJio noica3aHO, hto npn mejiOHHon o 6 pa 6 oTKe, a TaK)Ke npn 
AOJiroBpeMeHHOM xpaHeHHH c o6ojiohkh cnop MHKpocnopHAHH P. grylli npo- 
hcxoaht cxoa noBepxHocTHoro 6 eJiKa p40. IIpH 3tom b nepsoM cjiynae nponc- 
xoaht noAroTOBKa cnop k Bbi 6 pacbiBaHHio nojrapHOH TpyGicn, a bo btopom — 
yTpaTa cnoco 6 HOCTH cnop k 3KCTpy3HH, hto HenocpeACTBeHHO CB5i3aHO c noTe- 
pen nH(J)eKniiOHHbix cbohctb MHKpocnopHAHH. IIpeAnoJiaraeTca, hto 6cjiok 
p40 nrpaeT saacHyio pojib b npoijecce 3 KCTpy 3 nn cnop P. grylli (Ccmchob, 
2004). rio-BHAHMOMy, b o6ojiohkc cnop 3Toro bha a J \AOH CBH 3 biBaeTca hmch- 
ho c OeJiKOM p40 n no3TOMy npn ero cxoAe nocjie AJULreJibHoro xpaHeHHH hh- 
TeHCHBHOCTb OKpamHBaHHH 06 OJIOHKH cnop CHHJKaeTCH. 

TaKHM o6pa30M, (junoopecijeHTHyK) MHKpocKonHio c HcnoJib30BaHHeM 
AOH MOHCHO CHHTaTb BnOJIHe aAeKBaTHbIM MeTOAOM AMarHOCTHKH, n03B0JI5I- 
lonpiM 6oJiee tohho HACHTH^HnnpOBaTb cnopw MHKpocnopHAHH, napa3HTHpy- 
lOIAHX B HJieHHCTOHOTHX, B TOM HHCJie npH KpaHHe HH3KOH HHTeHCHBHOCTH 3a- 
paaceHHH, a TaK^ce HaOmoA^Tb pa3JiHHHbie 3Tanw npoijecca 3KCTpy3HH, hto a o- 
noJiHHTeJibHO no3BOJiaeT xapaKTeproosaTb HH^eKAHOHHOCTb cnop. 
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SUMMARY 

A number of microscopic techniques and dyes are available to diagnose microsporidi¬ 
an infections in invertebrate and vertebrate hosts. Among these, DNA-specific fluorochro- 
me DAPI is widely used to stain DNA in prokaryotic and eukaryotic cells, alone or in com¬ 
bination with other histochemical or fluorescent dyes. Moreover, this dye also binds to 
membraneous structures and protein complexes. In our studies, DAPI was used to stain 
spores of microsporidia infecting orthopteran, coleopteran, dipteran and lepidopteran in¬ 
sect hosts. DAPI staining of diplokarya helped to discriminate the Nosema -like microspo¬ 
ridian spores from spore-shaped bodies lacking this characteristic staining. It was found, 
moreover, that non-DNA staining occurred in many cases and other components of the 
spores were stained: the exospore, the cytoplasm, the extruded polar filament and the pola- 
roplast. Staining of these structures was feeble as compared to DNA and in most cases did 
not interfere with nuclear apparatus staining. Feebly stained cytoplasm and exospore clear¬ 
ly indicated unstained zone of endospore, making it easier to diagnose both mono- and dip- 
lokaryotic spores. Staining of extruded polar filament allowed to demonstrate viability and 
to observe some stages of extrusion process of microsporidian spores. 
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